The passage of the Harrison Act of 1914 defined the use of marijuana as a crime, which led individual states such as California and Texas to pass laws prohibiting marijuana use for nonmedical purposes. 3 The US Congress then passed the Marijuana Tax Act, criminalizing the drug in 1937. 3(pp971-1203) It was removed from the US Pharmacopeia in 1941 because it was no longer recognized to have medicinal use. 2 The Boggs Act and Narcotics Control Act of 1951 increased marijuana possession and distribution penalties and led to the enforcement of mandatory prison sentences. 3(pp971-1203) In 1970, marijuana became a Schedule I drug, 4 a classification given by the US Drug Enforcement Administration to drugs with no currently accepted medical use with a high potential for abuse. 5 In 1986, the AntiDrug Abuse Act was passed, reinstating mandatory minimum penalties and increasing federal penalties for both possession and distribution of marijuana. 6(pp189-190) It was not until 1996 that California became the first state to relegalize marijuana for use by people with AIDS, cancer, and other serious illnesses. 6(p321) In 2010, California rejected proposition 19, which would have legalized marijuana use for recreational purposes. 7(pp159-215) In November of 2012, the passage of Colorado's Amendment 64 and Washington's Initiative 502 made them the first US states to pass recreational use laws. 8 Currently, 23 states and the District of Columbia have laws legalizing marijuana use in some form, with 4 states and the District of Columbia legalizing marijuana for recreational use (Table) . 8 The current state of cannabis use for both medical and recreational purposes in the United States is highly debated. While it is still classified as an illegal substance federally, many states have moved to decriminalize and/or legalize marijuana for medical and/or recreational use. 9 Despite limited research on the effects of smoked cannabis, states appear to be motivated to legalize marijuana use for financial gain. In 2010, it was predicted that legalizing marijuana use would generate $8.7 billion in annual federal and state tax revenues while saving billions of dollars that were previously spent for regulating marijuana use. 10(pp1-62) showed a strong correlation between the binding affinity for the receptor site and the corresponding potency of a large number of cannabinoid analogs. These receptors, called cannabinoid receptors 1 and 2 (CB1 and CB2), work via their action as G-protein coupled receptors, where they inhibit both adenylate cyclase and calcium channels and activate inwardly rectifying potassium channels. 18 The distribution of these receptors accounts for many of the observed effects associated with cannabis use. Cannabinoid 1 receptors appear to be ubiquitously located throughout the body, with the highest concentration of receptors found in the central nervous system. Cannabinoid 1 receptors are well studied given their connection to the observed psychoactive effects of THC. 19 Cannabinoid 2 receptor expression is found mainly in the immune system, with the highest expression seen in B-lymphocytes, involved in immune suppression and cell migration induction. 20 In addition to THC, cannabis has high concentrations of cannabidiol (CBD), a nonpsychotropic constituent of the plant. 21 Cannabidiol's mechanism of action is not clearly understood, but it is thought to modify the metabolism and effects of THC and act as an antagonist of CB1 and CB2 receptors given its low binding affinity. [21] [22] [23] Cannabidiol is also a potent anti-inflammatory agent. 24 The role of the endogenous cannabinoid system in both normal functioning and disease is still under investigation. Whereas THC is better researched, less is understood about the other cannabinoids and their exact mechanisms of action, including how synthetic cannabinoids and THC analogs may interact with receptors and produce effects differently. Cannabis has been studied for its use as a treatment in a number of symptoms related to cancer. This review focuses on the research examining cannabis use in chemotherapy-induced nausea and vomiting (CINV), cancer-associated pain, and cannabis as an antitumor agent.
Chemotherapy-Induced Nausea and Vomiting
Cannabis is known for its antiemetic properties, which makes it an appealing treatment for CINV. It has been proposed that THC may treat nausea via emetic reflex pathways by acting at receptors located in the nucleus tractus solitarii at the level of the area postrema. 25 It has also been shown that THC reverses the effects of 5-HT3 receptor agonists, which normally induce vomiting. 25 Cannabis has anecdotally been effective in suppressing anticipatory nausea. Parker et al 26 completed experiments in which house musk shrews (Suncus murinus) were repeatedly exposed to contextual cues, which were then paired with the emetic effects of lithium chloride (LiCl) injections. They then confirmed that the shrews had developed a conditioned retching response to the cue even in the absence of LiCl. They then found that pretreatment of the shrews with principal cannabinoids 1 and 2 completely suppressed the retching reaction, while pretreatment with ondansetron did not suppress this reaction. They concluded that marijuana may suppress the expression of anticipatory nausea better than 5-HT3 receptor antagonists.
There have been numerous studies comparing the antiemetic properties of cannabis and its derivatives to those of other medications used in CINV. Dronabinol, a synthetic THC, and nabilone, a synthetic analog of THC, both oral medications, are well-studied antiemetics, whereas data on smoked cannabis are more limited. With the availability of effective options such as corticosteroids, serotonin 5-HT3 receptor antagonists, and neurokinin-1 (NK1) receptor antagonists for the prevention of CINV, cannabinoids are only used for patients intolerant of or refractory to first-line antiemetics. 27 There are also no current data comparing smoked cannabis, THC, or its derivatives to current first-line CINV treatment regimens. Marijuana is, therefore, not recommended for the management of CINV, and it is not part of the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology for antiemesis. 28 There are 2 systematic reviews available for the comparison of THC-derived drugs to older antiemetics. Tramèr et al 29 completed a systematic review of 30 randomized comparisons of cannabinoids with placebo or other antiemetics. Three different cannabinoids (oral nabilone, oral dronabinol, and intramuscular levonantradol hydrochloride) were tested as first-line antiemetic agents in 1366 patients to evaluate the complete absence of nausea and vomiting in the first 24 hours of chemotherapy. When comparing all trials, they found that cannabinoids were significantly more effective antiemetics than prochlorperazine, metoclopramide hydrochloride, chlorpromazine, haloperidol, domperidone, or alizapride in patients receiving medium emetogenic regimens (consisting of cyclophosphamide, methotrexate, or fluorouracil) but not highly emetogenic regimens (consisting of high-dose methotrexate, cisplatin, or doxorubicin and cyclophosphamide). Toxic adverse effects were observed. Beneficial nontherapeutic effects were a "high" sensation, sedation, drowsiness, and euphoria, and less desirable adverse effects included dizziness, dysphoria, depression, hallucinations, paranoia, and hypotension. In 18 studies crossover was allowed and 38% to 90% of patients reported preferring cannabinoid therapy for future chemotherapy cycles. Limitations of this review include the potential inconsistent administration times of medications in relation to chemotherapy administration, the overall small sample size of each of the trials compared (range, 8-139 patients), and the heterogeneity of study participants included. Some included patients had refractory CINV or previously used cannabis prior to treatment, which may have influenced their drug response. Ben Amar 30 summarized 15 randomized clinical trials consisting of 600 patients that compared either nabilone to placebo or other available antiemetic drugs as first-line agents. He found nabilone to be superior to prochlorperazine, domperidone, and alizapride, with patients favoring nabilone for continuous use. In the same meta-analysis, he reported that in 14 studies of dronabinol involving 681 patients, the cannabinoid antiemetic effect was significantly greater than that of chlorpromazine and equivalent to metochlopramide, thiethylperazine, and haloperidol. This review does not highlight the timing of drug administration in relation to cytotoxic exposure, the emetogenic nature of the chemotherapeutic regimen used in each study, or the definitions used to assess nausea and vomiting in all trials. The variability within each trial included in the review affects the generalizability of this research to specific populations. Because neither review included trials using current highly effective antiemetic drugs, clinical practice is not affected. Numerous studies have shown that the combination of THC derivatives with other antiemetics works best for nausea. Plasse et al 31 reported that combinations of THC and prochlorperazine resulted in enhanced efficacy as assessed by duration and severity of nausea and vomiting. Lane et al 32 showed that the combination of dronabinol and prochlorperazine was significantly more effective than either single agent in controlling CINV. This potential synergistic effect was not seen when dronabinol was given with ondansetron. Meiri et al 33 compared the administration of dronabinol in combination with ondansetron to ondansetron alone for the treatment of delayed CINV. Patients who were receiving either moderately or highly emetogenic chemotherapy were given dexamethasone, ondansetron, and either placebo or dronabinol before chemotherapy on day 1. The primary outcomes were occurrence and intensity of nausea, vomiting, and retching episodes, and total response defined as nausea intensity less than 5 mm on a 100-mm visual analog scale, no vomiting or retching, and no use of rescue antiemetics. They found total response to be similar in all treated groups in comparison with placebo. Nausea intensity and vomiting/retching were lowest in patients treated with dronabinol. In conclusion, dronabinol and ondansetron had similar effectiveness for CINV, but combination therapy was not more effective than either agent alone. Case reports of cannabinoid-induced hyperemesis syndrome have increased as access to marijuana increases across the country. Cannabinoid hyperemesis syndrome is characterized by longterm cannabis use, cyclic episodes of nausea and vomiting, and frequent hot bathing. It occurs via an unknown mechanism. 34 Patients using cannabis on a long-term basis while undergoing chemotherapy could develop cannabinoid hyperemesis syndrome, although to date no cases have been reported.
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There are currently no clinical trials comparing smoked cannabis to current first-line antiemetic therapies. Given the lack of data with regard to smoked cannabis as a form of treatment, it is not recommended as a first-line antiemetic. More research examining the mechanism by which cannabinoids may function and clinical trials using current antiemetic regimens as comparison to cannabis in moderate to highly emetogenic chemotherapies are needed.
Cancer-Associated Pain
Cannabinoids have been studied for their analgesic potential in cancer-associated pain, specifically neuropathic pain. 36 Cannabinoid 1 receptors, in the central nervous system, are found in high concentrations in areas of the brain that modulate nociceptive processing, with a similar distribution to opioid receptors. 37 Cannabinoids may also act on mast cell receptors, inhibiting the release of inflammatory substances and enhancing the release of analgesic opioids to combat inflammation. 38, 39 Cannabinoids may be effective in treating neuropathic pain by inhibiting the acute pain response in C-fibers and the windup phenomenon that contributes to the development of hyperalgesia. 36 Cannabinoids are also believed to have a synergistic analgesic effect with opioids via unknown mechanisms. 40 Cannabinoids may function to suppress spinal and thalamic nociceptive neurons. 41 Several clinical trials examining the use of cannabinoid receptor agonists to relieve chronic cancer pain have been published. Noyes et al 42 examined 10 patients with various cancer diagnoses in a doubleblind placebo-controlled trial. They found that the analgesic effect of THC at higher doses of 15 and 20 mg was significantly superior to placebo, but with patients reporting substantial sedation at those doses. Noyes et al 43 also completed another study of 36 patients comparing placebo to THC at both 10 and 20 mg and to codeine at 60 and
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Medical Marijuana Use in Oncology 120 mg. They reported that 10 mg of THC produced analgesic effects over a 7-hour observation period comparable to 60 mg of codeine, and 20 mg of THC induced similar effects to 120 mg of codeine. The study again reported that higher doses of THC were more sedating than codeine. Both studies' results are limited by the small sample size and the fact that all patients also received their usual analgesic regimen concurrently with either THC or placebo. They also report that patients became sedated at higher THC doses so reports of pain level might not have been accurate. Whereas their results support that THC may have analgesic effects, sedation may limit its use. Nabiximols, a novel cannabinoid oromucosal spray, is a 1:1 combination of THC and CBD. Portenoy et al 44 completed a randomized, double-blind, placebo-controlled, graded-dose study of 360 randomized patients with advanced cancer and opioid-refractory pain. Patients received placebo or nabiximols at a low dose (1-4 sprays/d), medium dose (6-10 sprays/d), or high dose (11-16 sprays/d). They found that low and medium doses of nabiximols had improved analgesia over placebo after 5 weeks of treatment. Higher doses were not more effective than lower doses. However, this study was limited by the investigators' decision to discourage changes in concurrent opioid dosing as study participants who dropped out may have experienced adverse effects that could have been controlled by altering opioid dose. Johnson et al 45 then examined the effects of cannabis extract preparations containing THC and CBD in 177 patients with advanced cancer and uncontrolled cancer pain despite long-term opioid use. The study had 3 arms with THC:CBD extract (n = 60), THC extract (n = 58), and placebo (n = 59). The results showed that pain relief was superior in the THC:CBD group, with twice as many patients experiencing a 30% reduction in pain when compared with placebo. The THCalone group performed similarly to the placebo group. On the basis of these 2 limited studies, there may be a role for THC and CBD therapy in patients with cancer who have opioid-refractory pain. Because each study used different preparations of cannabis or THC, there is insufficient evidence to recommend cannabis or THC for the first-line management of cancer-associated pain, but the results suggest a benefit as an add-on medication. More clinical trials examining the effects of smoked cannabis, THC, CBD, and its other derivatives are needed.
Cannabis as an Antitumor Agent
There is evidence that suggests that cannabis may be used as a potential chemotherapeutic treatment. Endocannabinoid signaling is increased in some human tissue malignant neoplasms when compared with noncancerous tissue, especially in highly invasive cancers, suggesting that endocannabinoids may play a role in tumor growth. 46 In vivo and in vitro research propose that cannabinoids can inhibit tumor growth via various mechanisms including increasing cellular apoptosis and suppressing cell proliferation. to 50% reduction in tumor growth and a 65% to 80% reduction in lung metastases. This suggests that CB1 and CB2 receptors may be involved in the metastatic process. Finally, there has only been 1 clinical trial examining the effects of THC on cancer. Guzmán et al 55 studied intracranial administration of THC to 9 patients with recurrent glioblastoma multiforme whose surgery and radiotherapy had failed. Treatment with THC decreased tumor growth and tumor progression, as assessed by magnetic resonance imaging and biomarker expression, in at least 2 of the 9 patients studied. The study is limited by the small sample size, lack of control group, and the study design's inability to comment on the effects of THC on survival time.
The majority of data examining cannabis as a chemotherapeutic agentarebasedonanimalmodels,whichsupportendocannabinoidsysteminvolvementincancergrowth.Extensionofthisresearchtohuman subjectsisneededtoseewhethertheseresultscanbeduplicated.There are 2 ongoing clinical studies aimed at evaluating the antitumoral activity of cannabinoid use. The first is a safety study comparing nabiximols with placebo (both with dose-intense temozolomide) in patients with recurrent glioblastoma (NCT01812616) and the other is a study of pure CBD as a single-agent therapy for solid tumors (NCT02255292). Currently, there is insufficient evidence that cannabis or THC should be used for its antitumor properties outside of a clinical trial.
Safety Profile of Cannabis
Cannabinoids have a favorable safety profile when compared with other analgesic medications.
56(pp137-180)57 In the aforementioned studies, THC was seen to be more sedating than codeine but unlike opi-
